We present the results of a radial-velocity study of 10 at Observatoire de Haute-Provence with the CORAVEL instrument. We find that these systems are spectroscopic binaries whose orbital elements are determined for the first time. Both components were measured for HD 126031, an eclipsing binary, whereas the other systems were detected as single-line binaries only. Physical parameters were inferred from this study for the primaries of all systems, and for the secondary of HD 126031. We observed a higher incidence of synchronized/circularized systems than predicted by the theoretical models of the radiative dissipation of dynamical tides.
I N T RO D U C T I O N
This paper is the sixth in a series devoted to the search for and study of spectroscopic binaries (SB) in a sample of chemically peculiar stars of type Am. Many Am stars are known to belong to binary systems and it seems that multiplicity plays a key role, although poorly understood, in the formation of Am stars. The origin of their peculiarities could be a chemical segregation in the atmosphere caused by radiative diffusion favoured by a slow rotational velocity (Michaud et al. 1983) . Whereas spin braking is difficult to explain for isolated stars, an efficient process exists for close binary systems. Indeed tidal effects tend to synchronize the spin and the orbital velocities, which generally corresponds to a strong braking of the initial spin velocities.
As presented in Ginestet & Carquillat (1998, Paper I) , our program started in 1992 and aimed at determining the binarity rate among a large sample of Am stars (about one hundred objects) and, when possible, computing their orbital elements in order to derive orbital and physical parameters of the systems and study the occurrence of circularized and synchronized orbits. Our program can then contribute to answering the following questions: 'Do all Am stars belong to binary systems?' and 'What is the influence of tidal effects in those binary systems?'.
We present here the results of a radial velocity (RV) monitoring of ten Am stars, namely HD 19342, 19910, 36360, 102925, E-mail: jean-louis.prieur@obs-mip.fr 126031, 127263, 138406, 155714, 195692 and 199360 . Most of the observations were carried out with the CORAVEL instrument of the 1-m Swiss telescope at Haute-Provence Observatory (OHP) and that of the 91-cm telescope of Cambridge Observatory. All those stars were detected as single-lined spectroscopic binaries (SB1) with CORAVEL. We thus could determine for the first time (to our knowledge) their orbital elements. For the eclipsing binary HD 126031, complementary observations with the 1.93-m telescope at OHP allowed us to detect the secondary component.
Six stars of the present sample come from the Third Catalogue of Am Stars with Known Spectral Types (Hauck 1986, hereinafter HCK86) , and four from the list of Bidelman (1988) (hereinafter BID88) entitled Miscellaneous Spectroscopic Notes. Only for five objects was the variability of the radial velocity already mentioned in previous studies. In Section 2, we present the RV observations and the orbital elements we computed. In Section 3 we give some complementary bibliographical information for each system. In Section 4 we derive some physical parameters deduced from available Strömgren photometry, Hipparcos parallaxes and theoretical evolutionary tracks (Section 4.2) . We also estimate the minimum masses and separations of the companions (Section 4.3). We present an analysis of the Hipparcos light-curve of the eclipsing binary HD 126031 in Section 4.4. In Section 4.6, we compare our results with some theoretical predictions about the circularization of the orbits caused by tidal effects. Finally, using the projected rotational velocity v sin i derived from the correlation dips, we discuss the occurrence of rotation-revolution synchronism in those systems (Section 4.7). C 
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O B S E RVAT I O N S A N D D E R I VAT I O N O F O R B I TA L E L E M E N T S
Our observations were performed in three-fold parts:
(i) J-MC and NG first observed at OHP during the 1992-1998 period, with the CORAVEL instrument mounted on the 1-m Swiss telescope.
(ii) In 2001-2002, EO and MK-W performed radial velocity measurements of HD 126031 on the 1.93-m telescope at OHP with the ELODIE spectrograph (Baranne et al. 1996) .
(iii) Finally in 2003, R. F. Griffin kindly made measurements with his own CORAVEL on the 91-cm telescope at the Cambridge observatory.
Let us recall that CORAVEL is a spectrophotometer that allows measurements of heliocentric RVs by performing a cross-correlation of the stellar spectrum with a physical mask placed in the focal plane of the spectrograph (Baranne, Mayor & Poncet 1979) . Although CORAVEL was designed to be efficient for observing cool stars, with a spectral type later than F4, it happens that many Am stars, which rotate slowly and present a spectrum with numerous sharp metallic features, are also suitable for producing a correlation dip.
For each star, between 30 and 50 RVs were obtained (Tables 1 to 10) with a mean internal standard error that depends upon the depth and the width of the correlation dip. The latter is strongly correlated with the rotational velocity v sin i. The best precision was reached for HD 19342 (0.4 km s −1 ), the poorest for HD 195692 (1.3 km s −1 ), while eight stars have RVs errors in the range 0.4-0.8 km s −1 . The measures made at Cambridge are marked with the symbol C in Tables 2, 5 and 6. All those RVs were reduced to the RV data base system of Geneva Observatory (Udry, Mayor & Queloz 1999) , via the application of appropriate offsets. For HD 155714 we added 4 RVs published by Nordström et al. (1997) (marked with the symbol N in Table 8 ), derived from the cross-correlation of digitized spectra with optimized synthetic template spectra. Taking into account the errors, those RVs were weighted 0.55 (whereas we used 1.0 for the CORAVEL measures).
For HD 126031, the ELODIE RVs (marked with the symbol E in Table 5 ) were weighted 2.0, to take into account their better quality than the CORAVEL data (weighted as 1.0). The small values of the internal errors given by ELODIE (∼0.1 km s −1 ) would suggest larger values for the weights. Nevertheless, as the corresponding observations were concentrated in a short period of time, using larger weights for the ELODIE data degraded the accuracy of most parameters of the orbit (in particular P and T 0 ).
We calculated the spectroscopic orbital elements of the binaries (Tables 11 and 12 ) by applying the least-squares programs BS1 and BS2 (first created by Nadal et al. 1979 and revised by J.-L. Prieur) to the observed RVs. The O − C residuals are given in Tables 1 to 10, and the computed RV curves in Figs 1 and 2. In all cases, the standard deviation of the residuals, σ (O-C) , is consistent with the RV mean error (and even smaller, in the case of seven objects), which indicates the absence of detectable spectroscopic third components in those systems.
The application of Lucy & Sweeney's (1971) statistical test to the orbital elements showed that six systems have circular orbits: HD 19342, 102925, 126031, 155714, 195692 and 199360 . The periods of HD 102925 (P = 16.4 d) and HD 19342 (P = 42.6 d) seem rather large for the orbit to be circularized by tidal effects. We shall discuss that topic in Section 4.6. 
N OT E S F O R I N D I V I D UA L S Y S T E M S
In this section, we report some information about the studied stars and, in particular, the source for the Am classification (HCK86, BID88 or Grenier et al. 1999 , hereinafter GRE99) with, when available, the classifications from the Ca II K line (k), hydrogen lines (h) and metallic lines (m). HD 19342. HCK86 gives A7(k) F0(m) according to Walther (1949) and A5(k) F2(m) according to Bertaud (1970) . GRE99 give the classification A3(k) A7(h) F3(m), and note the variability of the RV.
HD 19910. HCK86 gives A2(k) F5(m) according to Drilling & Pesch (1973) .
HD 36360. HCK86 gives A5(k) F2(m) according to Slettebak & Nassau (1959) , but GRE99 classify the star as A3(k) A7(h) F3(m). Fehrenbach et al. (1987) first put in evidence a variable RV.
HD 102925. Classified as Am by BID88. First discovered as a variable RV star at Mount Wilson Observatory (Wilson & Joy 1950; Abt 1970) .
HD 126031. This system is DV Boo (Kazarovets et al. 1999) , and was discovered as an eclipsing binary of Algol type by Hipparcos. The period quoted in the Hipparcos catalogue (ESA 1997) is 1.26 d, i.e. exactly a third of the period we found: a stroboscopic effect (see Section 4.4)? Classified as Am by BID88 and A3(k) A7(h) F5(m) by GRE99. HD 127263. An Am star according to BID88, but GRE99 give the classification A2p Sr, and report a variable RV.
HD 138406. Am according to BID88 (but could be a giant: see Section 4.2). First reported as a variable RV star by Young (1942) from observations at David Dunlap Observatory.
HD 155714. Visual double ADS 10398 AB = CCDM 17130+0745 AB = STT 325 AB. m Hp = 1.79; ρ = 0.4 arcsec. HCK86 gives A9(k) F1(h) F4(m), according to Abt (1981) . Bertaud (1970) , and A2(k) F1(h) F0(m) by Abt & Morrell (1995) .
HD 199360. HCK86 gives A7(k) F1(h) F5(m), according to Abt (1984) , and GRE99 find A5(k) F0(h) F3(m).
Thus, our observations have shown that HD 155714 and HD 195692 are triple systems.
P H Y S I C A L PA R A M E T E R S A N D D I S C U S S I O N

Reddening correction
Strömgren photometry was available for eight objects of our sample (Hauck & Mermilliod 1998) . In Table 13 , we present the corresponding β, b − y, m 1 and c 1 in columns 2, 3, 5 and 7. The colour excess E(b − y) produced by interstellar reddening (column 4) was computed with Crawford's 1979 calibration of A-type stars. The corresponding indices (m 1 ) 0 and (c 1 ) 0 , corrected for reddening, are given in columns 6 and 8. The index (δm 1 ) 0 = (m 1 ) std − (m 1 ) 0 , where (m 1 ) std is the standard m 1 corresponding to an A-type star with the same β as the object is given in column 9. We used Crawford's 1979 calibration on the Hyades for determining (m 1 ) std from β. This index (δm 1 ) 0 will be used for the determination of [Fe/H], given in Table 14 (see Section 4.2).
For HD 155714, 195692 and 199360, the β indices have not been measured; the values indicated in brackets were obtained from the [β, (b − y) 0 ] relation given by Crawford (1979) . We neglected the interstellar absorption for the nearest stars HD 155714 and 195692 (with d < 100 pc). For HD 199360 (d = 147 pc), we used Lucke's 1978 extinction maps for correcting b − y, and then verified that the E(b − y) derived from Crawford (1979) (Crawford 1975) . Table 13 shows that the reddening is negligible (i.e. E(b − y) 0.01) for HD 36360, 126031, 127263, 155714 and 195692. For HD 19342, 19910 and 199360, we shall use the reddening-corrected values from this table in the rest of this paper.
Strömgren photometry was not available for HD 102925 and 138406, which are distant by 114 and 282 pc, respectively (cf. Table 14 ). The corresponding interstellar extinction values E(B-V ), estimated from Lucke's 1978 galactic charts are 0.03 and 0.06, respectively.
Physical parameters of the primaries
To estimate some physical parameters of the primaries, which are presented in Table 14 , we have used Strömgren photometry and the Hipparcos parallaxes, when those data were available. We have assumed that the photometric contribution of the unseen spectroscopic companion was negligible for all systems, except for HD 126031 for which the secondary was detected. We shall discuss the possible influence of the undetected companion in Section 4.5. 
Date (JD)
Cycle As in Paper V, we proceeded as follows.
(i) From Hipparcos parallaxes π (ESA 1997), we obtained the distances and the visual absolute magnitudes of the systems (except for HD 19910, which was not observed by the satellite), and their errors (lines 5 and 6).
(ii) When Strömgren photometry was available (cf. Section 4.1), we deduced the quantities T eff and log g (lines 8 and 9) using the (c 1 ) 0 versus β grids of Moon & Dworetsky (1985) . For log g determination, we applied the correction for metallicity proposed by Dworetsky & Moon (1986) for Am stars. The parameter [Fe/H] (line 10) was estimated from the δm 1 versus [Fe/H] correlation, as computed by Cayrel (Crawford 1975) . For HD 102925 and 138406, Strömgren photometry was not available: the effective temperature given in line 8 is based upon the B-V index and Flower's 1996 calibrations.
(iii) The quantities M V and T eff lead to an estimation of the theoretical radius of the stars (line 11), using the radiation law: log (R/R ) = −0.2 M bol − 2 log T eff + 8.47 (Schmidt-Kaler 1982) . The bolometric corrections we used are those tabulated by Flower (1996) .
(iv) Finally, we report in Fig. 3 the positions of the stars in the theoretical Hertzsprung-Russell diagram, log (L/L ) versus log T eff , from Schaller et al. (1992) , completed with the isochrones computed by Meynet, Mermilliod & Maeder (1993) . The positions of the stars in this diagram lead to theoretical estimates of their masses M 1 and ages (lines 12 and 23 of Table 14 ). Three stars are missing in the diagram: HD 19910, which was not observed by Hipparcos, HD 126031, whose two components are plotted in Fig. 4 , and HD 138406, which is not a classical Am star and falls beyond its boundaries. Indeed, with the data we have for that star, it could be a hot giant, even though metallic lines are certainly present, as noted by Young (1942) who reported the following comment 'Many very fine lines'. The other stars lie in the main sequence domain and show different degrees of evolution, the least evolved being HD 127263. The case of the eclipsing binary HD 126031, for which the two components have been detected with ELODIE, is dealt with in Section 4.4.
Masses and separations of the secondaries
From the values computed for f (m) and a 1 sin i (Table 11) , and assuming for the primaries the theoretical masses M 1 (Table 14) , we can obtain, for a given value of the orbital inclination i, the values of M 2 , the mass of the secondary, and a, the true mean separation of the components. For that, we use the formulae
where µ = M 2 /M 1 is the mass-ratio in the system, and a = a 1 + a 2 = (a 1 sin i)(1 + 1/µ)/ sin i.
(2) The minimum values for µ, M 2 and a correspond to sin i = 1 (i.e. i = 90 • ). As for the maxima of those quantities, they can be approximated taking into account the absence of CORAVEL correlation dips from the secondary spectroscopic components, which implies roughly m V 2.0, i.e. via the mass-luminosity relation, µ 0.6. Following that procedure, we give in Table 14 : (i) on one hand M 2min and a min , the minimum values that we found when i = 90 • for M 2 and a, respectively (lines 13 and 15); (ii) on the other hand M 2max and a max , the maximum values of M 2 and a (lines 14 and 16), obtained with the minimum value of i corresponding to µ = 0.6 (line 19). For HD 19910, for which no theoretical value could be derived, we assumed M 1 = 2 M , a typical value for A-type stars. Notice that, as already pointed out by Carquillat et al. (1982) , the separation we obtain with (2) has a very small dependence on the value of i, and we can conclude that all those binary systems are detached.
The two short-period systems HD 155714 and 199360 have very low mass functions, which permit a wide range of possibilities for i, the orbital inclination, and M 2 , the mass of the companion. As an indication, the (very plausible) hypothesis of rotation-revolution synchronism (see Section 4.7) would imply i = 33 • , M 2 = 0.1 M for HD 155714 and i = 14 • , M 2 = 0.5 M for HD 199360. Such masses are those of red dwarf stars. 
The eclipsing binary HD 126031
The light curve of HD 126031 provided by Hipparcos is plotted in phase in Fig. 5 , using the period of 3.78 d found with our spectroscopic observations. It clearly shows two eclipses with two peaked minima. The period quoted in the Hipparcos catalogue (1.26 d) is definitely false and must be due to a stroboscopic effect.
We performed an analysis of that curve using two programs: EBOP, from Popper & Etzel (1981) , which fits the light curve only, and WD (version 1996), from Wilson & Devinney (1971) , which performs a fit that also takes into account the radial velocity orbital parameters. Note that the results should be considered as preliminary, since the residuals are rather large and the light curve is under-sampled, especially around the minima.
The parameters found by WD and EBOP are in very good agreement; the mean values are displayed in Table 15 . The fitted solution and the residuals are plotted in Fig. 5 . The two solutions have an rms error smaller than 0.01 mag, and do not show any difference in that plot.
The two models WD and EBOP lead to m Hp = 1.38 ± 0.08, and m Hp = 1.28 ± 0.08, respectively. Given the closeness of the effective temperatures of the two components, m Hp ≈ m V (the corresponding differential correction is negligible: ∼0.02 mag). Hence the analysis of the light curve leads to m V = 1.33 ± 0.1 We also obtained an independent estimate of m V ∼ 1.57 ± 0.2 from the ELODIE correlation dips of the two components, using the relation m V = −2.5 log [(S 1 /S 2 ) × (T eff2 /T eff1 )], where S 1 (respectively S 2 ) is the surface of the correlation dip of component 1 (respectively 2) (Duquennoy, private communication). Hence we finally adopted the weighted mean value of the two determinations, from the light curve and ELODIE, i.e. m V = 1.41 ± 0.15.
From knowledge of the ratio T eff2 /T eff1 (line 3 of Table 15 ), the global B-V index (line 2 of Table 14 ) and this determination of m V , we computed the correction T to be applied to T eff1 as determined by Strömgren photometry, due to the presence of the companion. This was done with an iterative process, which used Flower's 1996 table of T eff versus B-V for main sequence stars. We obtained: T eff1 = 7370 ± 80 K, T eff2 = 6410 ± 80 K, (B-V ) 1 = 0.31 ± 0.02 and (B-V ) 2 = 0.47 ± 0.02.
From the global value M V = 1.88, as determined with Hipparcos parallax, and m V = 1.41 ± 0.15, we obtain M V 1 = 2.14 ± 0.3 and M V 2 = 3.54 ± 0.3. When applying the bolometric corrections BC 1 = 0.03 and BC 2 = −0.02, corresponding to the component temperatures T eff1 and T eff2 (Flower 1996) , we find log (L 1 /L ) = 1.03 ± 0.15 and log (L 2 /L ) = 0.49 ± 0.15. Both components of HD 126031 are plotted in Fig. 4 . Their location on this theoretical diagram is in good agreement with the mass determination from the light curve (Table 15 ), and they are located on the same isochrone of ∼10 9 yr, within the error bars.
Hence all parameters that we found for the secondary (radius, temperature, mass and luminosity) are consistent and suggest a late F dwarf star (F6/7 V).
Influence of the undetected companions
As already mentioned, we assumed that the photometric contribution of the companion was negligible for the other systems, which were detected as SB1 only. The absence of a secondary correlation dip in the VR data implies a large magnitude difference between the two components (roughly m V 2.0) or a large spin velocity for the companion (v sin i > 40 km s −1 ). As we shall see in Section 4.7, tidal interaction between the two stars tends to reduce the spin velocity, which makes the latter possibility rather unlikely. Another possibility for accounting for the absence of detection of the secondary could be that the companion is a hot star without metallic lines (e.g. A-type star). But the values of the mass function that we found ( f (m) 0.15 M ) for those objects implies that, statistically, the companion has a mass of M 2 1.4 M (value obtained with i = 60 • and M 1 = 2 M ), which corresponds to a star of type F5 or later. Note that the spectrum of such stars exhibits metallic lines that would make those stars detectable by CORAVEL when m V < 2. Hence the absence of detection suggests that the companions are not brighter than this limit. Table 11 . Orbital elements of the SB1 systems. In column 3, T 0 is the epoch of periastron passage, except for systems with e = 0 (circular orbits). In that case T 0 corresponds to the ascending node passage. 3.782624 ± 0.000006 T 0 (JD)(240 0000 +)
50480.328 ± 0.003 ω ( • ) e 0.00 K 1 (km s −1 )
82.23 ± 0.18 K 2 (km s −1 ) 110.10 ± 0.26 V 0 (km s −1 ) −28.37 ± 0.12 a 1 sin i (Gm) 4.277 ± 0.009 a 2 sin i (Gm) 5.727 ± 0.014
In the case of a companion with m V ∼ 2, the locations of the primaries in the HR diagram of Fig. 3 would be slightly shifted to the bottom left (about −0.06 in log L and +0.006 in log T), since their luminosities would be overestimated and their temperatures underestimated.
Circularization of the orbits
Zahn's theory of dynamical tides
Dissipative phenomena occurring in tidal interaction between components of close binaries lead to orbital circularization and synchronization between spin and orbital period. For stars with an outer radiative zone, like Am stars, Zahn (1975 Zahn ( , 1977 proposed that the main dissipative mechanism was radiative damping acting on the dynamical tide. In that case, Zahn showed that the circularization time-scale, t circ (defined such that 1/t circ = −ė/e), is a steep function of the fractional radius R/a 1 t circ = 21 2
where E 2 is related with the dynamic tidal contribution to the total perturbed potential. The tidal constant E 2 is dependent on the stellar structure and strongly varies with mass and time, as follows.
(i) For a given mass, it is a strongly decreasing function of the convective core size. Thus, when the star evolves off the main sequence, its core shrinks and E 2 decreases very quickly. E 2 can change in several decades during stellar evolution for a given mass (Claret & Cunha 1997) .
(ii) For nearly homogeneous models of stars near the ZAMS, with masses of 1.6 to 5 M , log E 2 changes from −8.5 to −6.8 (Zahn 1975; Claret & Cunha 1997) .
The strong dependence of E 2 on the internal stellar structure, which is unfortunately badly known, induces large uncertainties on t circ .
To compute t circ for our systems (line 24 of Table 14) we performed a parabolic interpolation of the tabulated E 2 values computed by Zahn (1975) , which are in very good agreement with more recent computations by Claret & Cunha (1997) . Except for HD 126031, for which q was known, we assumed q = 0.5 for all systems (note that t circ has a small dependence on q). In all cases, the characteristic circularization times we found are larger (for HD 199360), or much larger (for the other systems) than the ages of the stars. Hence the circular orbits of HD 19342, 102925, 126031, 155714, 195692 and 199360 during their life in the main sequence in the context of Zahn's theory (see discussion in next section).
Curve of e versus R/a
In equation (3) we have seen that Zahn's theory stressed the importance of the fractional radius parameter (R/a), and predicted that t circ ∝ (R/a) −21/2 . Indeed, Giuricin, Mardirossian & Mezetti (1984) showed on a sample of 200 early-type binaries of O-, B-or A-type that the transition between eccentric and circular, or quasi-circular (i.e. e < 0.05), orbits was rather sharp and occurred at about (R/a) c ∼ 0.24, which agreed well with Zahn's theory. Following those authors, we computed the fractional radius for each object of our sample (line 18 of Table 14) , by using for a the mean value a of a min and a max (line 17) and for the eight shortperiod systems of Carquillat et al. (2003, Paper V ) . The resulting plot (Fig. 6) suggests that the critical value of the fractional radius is (R/a) c ∼ 0.15. This is smaller than that proposed by Giuricin et al., which was in full agreement with Zahn's model. Hence this plot illustrates also the discrepancy that we find with Zahn's predictions: there are more circularized systems than expected from models with radiative dissipation of dynamical tides.
However, let us recall that equation (3) is valid for homogeneous systems made of two stars possessing a radiative envelope. As seen in Section 4.5, our systems are not homogeneous, and the unseen companions are likely to be convective late-type stars with masses less than 1.4 M . For stars having a convective envelope, dissipation by turbulent viscosity is the dominant process. According to Zahn & Bouchet (1989) , the circularization of orbits takes place at the very beginning of the Hayashi phase of the pre-main sequence phase for late-type binaries. There is little further decrease of the eccentricity on the main sequence. Hence the convective dissipation acting on the cool companion may circularize the orbit of a non-homogeneous binary system. Zahn & Bouchet showed that the theoretical cut-off period, which separates the circular from the eccentric systems, is P ∼ 8 d for convective stars with masses ranging from 0.5 to 1.25 M . This would provide a natural explanation for the presence of circular orbits for the shortest period systems of our sample, namely HD 126031, 155714 and 199360. The cases of HD 19342 and 102925, which have periods longer than 42 and 16 d, respectively, is more puzzling: indeed, these systems may have formed as circular.
Rotation-revolution synchronism
In Paper V, we studied eight binaries with orbital period P 10 d, and concluded that all those systems have probably reached the rotation-revolution synchronism state. In the present sample, as seven out of ten binaries had periods larger than 10 d, it was interesting to test the rotation-revolution synchronism for those objects.
Kitamura and Kondo's test
For this purpose, we used a test that consists in comparing the radius R 1 of the primary with R sync , the expected value of the radius obtained when assuming that (i) synchronism has been reached, and (ii) that the orbit and the equator of the star are coplanar. In that case we have the relation
where v is the tangential equatorial velocity in km s −1 , P is the orbital period in days, and R sync is the star radius in solar radii. The quantity v sin i is an observational datum that can be derived from the analysis of the CORAVEL correlation dips (see Benz & Mayor 1981 , 1984 . The value of v sin i for each star of the sample was calculated by S. Udry at the Geneva Observatory and is given in line 3 of Table 14 . Unfortunately, i is unknown for all the systems we studied, except for HD 126031 (which presents eclipses). Nevertheless, as sin i 1, the relation (4) implies
which is a necessary condition for synchronism, and known as the Kitamura & Kondo (1978) test (hereinafter, the KK-test). Indeed, given P and v sin i, a star with a radius R 1 , such that R 1 < R sync , has an angular rotation that is too large for synchronism. The values of R sync, min are given in line 20 of Table 14 . Notice that for the eccentric orbits, namely for HD 36360, 127263 and 138406, we must take into account the pseudo-synchronous rotation period (see Hut 1981 , formulae 44 and 45) instead of the orbital period, i.e. 201.5, 8.7 and 20.3 d, respectively. Comparing these values to the theoretical values of the radii (line 11 of Table 14) , we see that the last six stars of the list (HD 126031 to 199360) satisfy the inequality (5), taking into account the quoted errors: therefore they are likely to rotate in synchronism or pseudosynchronism (in line 21, we put likely synchronism for those objects). As expected, we find the systems with the shortest periods (namely HD 126031, 155714 and 199360) among the synchronized stars (for clarity, the orbital periods of Tables 11 and 12 are displayed in line 26). 
Comparison with Zahn's theory
With the same theoretical description of radiative dissipation induced by tidal effects that we described in Section 4.6, Zahn (1975) also predicted values for t sync , the characteristic synchronization 
where I is the momentum of inertia of the star. Like for t circ (Section 4.6), we computed the values of t sync using the tabulated E 2 and MR 2 /I of Zahn (1975) , with q = 0.5 for all systems, except for HD 126031 for which q = 0.75 was known. The corresponding values are displayed in line 25 of Table 14 .
Here, the agreement with Zahn's radiative theory is better than for t circ (see Section 4.6):
(i) all systems for which the KK-test is negative have t sync t age , where t age is the age of the star (line 23 of Table 14 );
(ii) for HD 199360, t sync t age and indeed this system is very likely to be synchronized (since the KK-test is positive and the period is very short, P = 1.99 d);
(iii) the agreement with Zahn's theory is marginal with log t sync ∼ log t age for HD 126031 (synchronized) and HD 155714 (very likely to be synchronized with a positive KK-test and a very short period).
The only clear possible disagreement is found for the systems HD 127263, 138406 and 195692, which have a positive KK-test and t sync > 10 2 t age . Hence, tidal effects seem more efficient for synchronizing binaries than expected from Zahn's theory of radiative dissipation. A possible explanation could be that synchronization by tidal effects starts from the upper layers of the star and then proceeds inwards to the centre (J.-P. Zahn, private communication). As observational data (rotation velocity) concern the surface of the star, a possible bias results from considering objects to be synchronized stars when a state of synchronism has not been fully reached over the whole star. A theoretical problem would then be to derive the characteristic time t start when the process starts in the surface and the typical duration t mig of this migration process, from the surface to the centre. For HD 127263, 138406 and 195692, this time would be very large with t start 10 −2 t sync and t mig ∼ t sync .
As a general conclusion of this section and Section 4.6, the radiative dissipation of dynamical tides as presented by Zahn (1975) is not efficient enough to circularize and synchronize the binary systems we have studied. The following two possibilities may partially account for this situation.
(i) Circularization of the orbit is performed with a greater efficiency by convective dissipation of tidal effects acting on the cool companion during the pre-main sequence stage.
(ii) Synchronization of the radiative primaries is suggested by observations much earlier than the characteristic times indicate, since the process starts from the surface.
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